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(Figs. 1-6)
Estimates of annual production of the major component species of macrofauna
comprising a hard-bottom community at a depth of 41 m in the Bristol Channel have been
made. The sea-bed in this region is covered with extensive reefs of the tube-building
polychaete Sabellaria spinulosa. Total production is 34-1 g dry wt m~2 y"1, the mean annual
biomass 245 g m~2 and the P/B ratio 14.
Production is overwhelmingly dominated by the suspension-feeding brittlestar Ophio-
thrix fragilis, resulting in a strongly concave species production-rank curve. In addition,
there is a diverse fauna of nestling species with slow growth rates which reach maturity
at a small body size: production rates for these species are low, but accurate production
estimates are sometimes difficult. It is suggested that slow growth rates and small size may
result partly from the physical restriction of the reef interstices but principally from the
fact that Ophiothrix monopolizes the suspended food resource with an umbrella of feeding
arms, and that the infauna of the reef is thus resource-limited.
The production ecology at this site is compared with that of other benthic communities
in the Bristol Channel.
We have limited the detailed presentation of data to a few typical examples; however,
data for other species of size frequency, biomass and production are available on request
from the authors.
I N T R O D U C T I O N
This paper is the third and last in a series employing cohort growth-analysis
techniques to describe the secondary production of the major component species
in the macrobenthic communities of the Bristol Channel. Previous studies were
made in soft-bottom areas of a Venus community (Warwick, George & Davies,
1978) and an Abra community (Warwick & George, 1980). The hard-bottom
areas of the Channel support what might classically be denned as a Modiolus
community (sensu Thorson 1957; see Warwick & Davies, 1977), but within these
communities Modiolus itself is inconspicuous because of its small size. This
community is found in its purest form on the rock-floors of the central region
of the Channel, but gravel accumulates in areas of slower current seaward of this
region and may often have admixtures of finer sediment accommodating a
mixed-bottom subgroup of the Modiolus community, containing additional
species more typical of soft bottoms. The intention of this study was to examine
a site representative of the community in its purest form. Quantitative grab
sampling in the rock-floor areas was naturally impossible, but fortunately areas
exist in which extensive reefs of the tubeworm Sabellaria spinulosa Leuckart are
found, and the structure of these reefs is sufficiently brittle that quantitative grab
samples can be collected. Such sites have a more diverse fauna than the open rock
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areas, the interstices of the reef providing a refuge for a large number of smaller
species.
M E T H O D S
Station 100 (51° 160' N, 4° 080' W) of Warwick & Davies (1977) was chosen as it was known
to have a typical species composition in an area of extensive Sabellaria reefs. The water depth is
41 m at M.H.W.S. and 33 m at M.L.W.S. The maximum current velocity is 112 cm s"1, resulting in
a bed stress of 16 dyn cm"2 (Warwick & Uncles, 1980).
Samples were collected during January, March, May, July, September and November 1976, and
January 1977. The station position was located by Decca navigator and was held by stemming the
tide, as anchoring was not possible. On each occasion an attempt was made to collect fourteen
007 m2 Day grab hauls and a Naturalist's dredge sample for the larger mobile epifauna. Quantitative
grabs were successfully collected in all months except May and November. However, in May the
Naturalist's dredge provided a usable quantitative sample, after appropriate calibration, as the
conglomerated tube masses of Sabellaria retained much of the smaller fauna. Samples were
processed as described by Warwick et al. (1978).
Table l. Determination of values to correct infaunal density to number m~2
Month
Number of Day
grabs sampled
Volume of Sabellaria
sediment per
Day grab ml
Correction factor
to bring infauna
to number m~2
January
7
1207
i i
March
5
350
5 3
July
5
630
2 9 4
November
7
980
1 9
January
135
978
Mean value
660
In the laboratory it was necessary to break down the masses of Sabellaria tubes using a solution
of dilute formic acid to dissolve the calcium carbonate fraction. It was not possible to do this by
mechanical means, either manually or using ultrasonics, without fragmenting the animals inside.
Acid treatment reduced the hard conglomerate to a loose mass of sand and shell, much of which
could be washed out of the sample through a 05 mm sieve. This technique has the disadvantage
of dissolving mollusc shells and echinoderm tests. The smaller bivalves such as Hiatella arctica and
Sphenia binghami could, however, be identified in their naked state using reference specimens which
had been more laboriously hand sorted. It was not considered necessary to separate the species of
gastropods such as Calliostoma zizyphinum and Nassarius spp. as they were not abundant in the
samples.
The grab samples bit to varying depths into the reef matrix, and were sometimes found to contain
incomplete sections of reef. For those species living within the interstices, rather than on the surface,
density was a function of the volume of the reef collected. Their true abundance was therefore
calculated according to the volume of Sabellaria tubes collected, after removal of loose bare rocks
and pebbles. The area of bottom equivalent to that volume of reef was calculated from the mean
volume collected by the 29 intact grabs processed during the study (Table 1). Counts of the larger
more mobile epifauna species were used directly, as these were not a function of reef volume. In
order to provide quantitative estimates for the less abundant large epifaunal species in the dredge
samples, a calibration was necessary; the area covered by the dredge was calculated according to
the number of ' adult' Ophiothrix that it contained, compared with the numbers of this species
in the quantitative grab samples. This assumes that these species are collected equally efficiently by
the dredge. In general a 14 1 subsample of dredge material was retained for sorting, but very large
species, Echinus esculentus, Henricia sanguinolenta and Solaster papposus, were not subsampled in
this random fashion: for these species the quantitative figures are bracketed in Appendix 1, as they
refer to the total recovered from the whole dredge sample.
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Fig. 1. Ophiothrix fragilis: size frequency histograms, 1976 year class black, 1975 dotted, 1974 clear,
1973 transverse hatch, 1972 fine stipple.
PRODUCTION ESTIMATES
Grab samples
From Appendix 1 those species considered sufficiently abundant or high
ranking in biomass were chosen for analysis of production and biomass throughout
the year. As with previous studies in this series, careful note was made to record
any species that showed a marked increase in numbers in later samples, but in
this case the January samples proved to have the greatest biomass and population
density for most of the species. For the grab samples, the selected species made
up 91 % of the whole assemblage by biomass in January and 81 % when averaged
over the whole year. Because of the numerical scarcity of the large species in the
dredge samples (Appendix 2) it was only practical to look in detail at four of them:
Ebalia tuberosa, Chlamys varia, Psammechinus miliaris and Pagurus pubescens.
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Echinoderms
Ophiothrix fragilis
This echinoderm was present in unusually high numbers over the reef,
reaching 838 m~2 in January 1976. As opposed to the gravel in the hollows, the
outcrops of reef and rock appear to have been favoured by this species, as were
the rock strata observed by Holme & Barrett (1977). The size frequency
histograms (Fig. 1) were divided by eye into cohorts, the size limits of which were
subsequently found to compare favourably with those found by Allain (1974). In
January the 2 + year class had a disc diameter of 5-10 mm in 1976 and 7-10 mm
in 1977, which equates well with the 8-10 mm group described by Allain from
Table 2. Summary of year-class production for Ophiothrix fragilis, calculated by
bi-monthly cohort growth analysis
Year class
(year of
settlement)
1976
1975
1974
1973
1972
Mean no. m~2
in year class
442
1090
1384
978
1 4 2
Initial wt per
individual
(mg)
0215
0-577
1133
8108
1912
Final wt per
individual
(mg)
0381
15-37
9960
223-1
6846
Total
production
Annual
production
(g m-2)
0011
1412
8584
1 5 0
6426
31-43
Annual
biomass
(g m-2)
0103
2826
1722
5179
1458
Mean 1730
biomass
the Norman-Breton coast, which he also deduced to be 2 +. Juvenile Ophiothrix
(< 2 mm disc diameter) were found in samples throughout the year but peaked
in November at 188 m~2. The exact timing of recruitment is therefore not clear,
although the adults were heavy with gonads in May and July. Allain's study
reports recruitment at any time between August and October. The high numbers
of juveniles are evidence of the protection given to them by the reef.
Using the methodology described by Warwick et al. (1978) for ophiuroids, the
following length/weight equation was obtained:
log10 wt (mg) = — 066 +0079 +2-847 + 0-09 log10diameter (mm) (r = 099).
Table 2 gives the production and biomass values for each of the five year classes
interpretable from the size frequency data. The annual production is 314 g m~2
and the mean annual biomass 173 g m~2, giving a P:B of 18.
Amphipholis squamata
This species was found, together with juvenile Ophiothrix, in the interstices of
the Sabellaria tubes. It is reported to be viviparous and to grow to a disc diameter
of 5 mm (Mortensen, 1927), although in the present study we did not observe
the presence of any embryo, and no individual achieved even half this size.
Unfortunately the size frequency data are not clearly interpretable in terms of
cohort growth, perhaps because several year classes are compressed into the very
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Fig. 2. Sabellaria spinulosa: size frequency histograms, 1976 year class black, other(s) clear.
small size range. Monthly biomass values were calculated using the same
size/weight equation as for Ophiothrix, and average 45 mg m"2. As a rough
approximation of annual production we have assumed the same P/B as for
Ophiothrix, giving 80 mg m~2.
Polychaetes
Sabellaria spinulosa
The sublittoral reefs of Sabellaria found in this relatively deep area of the
Bristol Channel are composed of Sabellaria spinulosa. In the littoral and shallow
water regions of the Channel, reefs of 5. alveolata are known to occur (Wilson,
1971; Warwick & Davies, 1977; Hiscock, 1979) as they do elsewhere in the British
Isles (Mclntosh, 1922). 5. spinulosa is more usually recorded in solitary form,
though along the coast at St Andrews, Scotland, and Hilbre Island at the mouth
of the Dee it has been found forming reefs (Mclntosh, 1922).
The size frequency histograms (Fig. 2) were constructed by measuring the
diameter of the cephalic trunk immediately posterior to the two great lateral lobes
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supporting the paleae. Using unbroken specimens, taken from the March and
November samples, a size/weight equation was calculated:
log10 wt (mg) = — 0-094 ±0-046+ 2-360
+ 0322 log10 diameter (mm) r = 00842).
Histograms were prepared using all the juveniles from all the grabs sorted,
together with a subsample of adults represented by one grab for that month. A
mixture distribution analysis was used to substantiate the division into cohorts
of the data (Clarke, in preparation).
Table 3. Summary of year-class production for Sabellaria spinulosa
Year class
(year of
settlement)
1976 late
1976 early
(1975)
Mean no. m 2
in year class
43
110
3887
Initial wt per
individual
(mg)
0107
0015
1-141
Final wt per
individual
(mg)
0090
0489
1280
Total
production
Annual
production
(gm-!)
0003
0089
0669
0762
Annual
biomass
(g rrr2)
0025
0092
27228
Mean 4556
biomass
The data (Fig. 2) show the bulk of the worms forming a cohort of at least one
year class. At the beginning of the study this cohort had a mean size of 1 134 mm,
and twelve months later it was 1206 mm. The appearance of a new cohort in
March is in agreement with the work of Wilson (1971) and Bhaud (1972)
regarding settlement time in various geographical locations. This group grew
quite rapidly through May and July, after which it merged with the main cohort.
The data for November suggest a second smaller settlement that year. Since the
growth of the juveniles could not be followed within the main group, the
production values (Table 3) must slightly underestimate the real production of
this species. The small proportion of juveniles in the year studied indicates a low
turnover, with much of the reef made up of animals greater than one year old
and with little or no growth.
Harmothoe lunulata
This species of polynoid is described as being commonly commensal with
tubiculus polychaetes (Day, 1967). Specimens were rarely recovered in an intact
state, so that counts were made of heads. Size frequency data were constructed
by measuring the distance between the anterior eyes. Using the few complete
specimens available, a size/weight equation was derived:
log10 wt (mg) = i-539±oi38 + 3729±o-338 log10 eye space (mm) (r = 0976).
Although certain species of Harmothoe are known to carry clusters of their
young on their dorsal surface (Rasmussen, 1956), perhaps because of the sorting
procedure no such instance was seen in this study, although many of the smaller
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worms were less than 1 mm in length (approximately 0 3 mm eye space) and the
smallest was 0 6 mm. In March the largest group was found to consist of gravid
females only, with well-developed ova. Our interpretation of cohort growth gives
an annual production of 607 mg m"2 and a mean biomass of 311 mg m~2 with a
corresponding P/B of 2 0 .
Lepidonotus squamatus
As noted by Mclntosh (1922), this scale worm is more likely to curl up than
to fragment as Harmothoe does when attacked or disturbed, and thus most
specimens in the samples were intact. The size frequency data and size weight
equation were therefore constructed measuring total body length:
log10 wt (mg) = i - 5 5 6 ± o m + 2214 + 0119 log10 length (mm) (r — 0-986).
Gravid females were found in March, as they were in Harmothoe. The first
indication of settlement is also seen in March, although these animals may be the
result of the previous year's spawning, but at less than 2 mm total body length
would have been below the retention size of the sieve prior to March. It follows
that the values of production and biomass (Appendix 3) are fractionally
underestimated.
Syllis armillaris
The average size of this species was noticeably smaller than described by
previous workers. The average specimen was only 8 mm long and large animals
were only 14-15 mm, whereas the species is described as attaining 25-35 mm
(Fauvel, 1923; Day, 1967). To obtain size frequency data, the width of the worm
was measured at its maximum point. Using this measure, somatic growth could
be misinterpreted due to gravid females, but in this study no ovum was seen. A
sample of worms was used to calculate the following width/weight equation:
log10 wt (mg)± 0-494 + 0-399 + 2308 + 1 007 log10 width (mm) (r = 0798).
Although no gravid female was observed in the samples, it is evident from the
size frequency data that a period of recruitment did take place between March
and July. As for Lepidonotus squamatus, due to the size of these animals it may
be that this is really the 1975 settlement. The computation of production and
biomass gives a rather low P /B of 0 3 7 .
Pholoe minuta
This species has previously been recorded from the tubes of Sabellaria spinulosa
by Michaelson working in Helgoland (Mclntosh, 1922). The size frequency data
indicated that there may have been more than one year class, but this is unclear.
Given that the previous two members of the Aphroditidae had on average a P /B
of 1 9 this value was also used to estimate production for Pholoe minuta. The mean
monthly biomass values (Appendix 3), give an annual mean of 31 mg m~2 and
therefore an approximate production value of 58 mg m~2 y - 1 .
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Lumbrineris latreilli
This species was also studied in Carmarthen Bay (Warwick et al. 1978), where
it had a mean density for the year of 47 m~2, similar to the 42 m~2 in this
community. However, the size of the animals was such that the average specimen
weighed only 0825 mg, compared with 401 mg in Carmarthen Bay. No attempt
was made to examine the reproductive state of the worms, although the species
has been reported to spawn in July at St Peter Port, Guernsey (Mclntosh, 1922).
The size frequency data reveal little about the growth and recruitment, so that
they were used only to determine biomass values. Assuming the same P/B of 13
as found in Northumberland (Buchanan & Warwick, 1974), the mean annual
biomass of 34 mg m~2 would give a production value of 44 mg m~2 y"1.
Table 4. The size ranges of common species from the Sabellaria reef compared
with those recorded by previous research
Literature
Species
Amphipholis squamata
Ophiothrix fragilis
Ophiocomina nigra
Psammechinus miliaris
Sabellaria spinulosa
Harmothoe lunulata
Lepidonotus squamatus
Syllis armillaris
Pholoe minuta
Lumbrineris latreilli
Jasminiera elegans
Tharyx marioni
Eulalia bilineata
Hiatella arctica
Sphenia binghami
Modiolus modiolus
Chlamys varia
Parvicardium ovale
Anthura gracilis
Ebalia tuberosa
Pagurus pubescens
Golfingia elongata
Golfingia minuta
Golfingia vulgaris
Sabellaria reef
Size range (mm)
0-3-2-6 disc diameter
1-17 disc diameter
3-20 disc diameter
4—26 test diameter
2-22 length
0-6—24 length
1-20 length
2—10 length
1-5-5 length
6-18 length
2-8 length
7-15 length
4-12 length
0-7-7-1 length
0-8-7-6 length
0-7-13-5 length
1—26 length
0-6-5 length
0-6-6-5 length
6-15 carapace width
2-9-6 carapace length
2-10 length
3-4 length
1-19 length
Size range
(mm)
5
2 0
25
50
20-30
10-35
15-30
25-50
10-20
5-15
10-20
35-100
30-90
381
127
229
64
1 2 4
4-11
13 (17) length
28
140-150
15
150-200
Reference
Mortensen (1927)
Mortensen (1927)
Mortensen (1927)
Mortensen (1927)
Fauvel (1927)
Fauvel (1923)
Fauvel (1923)
Fauvel (1923)
Fauvel (1923)
Fauvel (1923)
Fauvel (1927)
Fauvel (1927)
Fauvel (1923)
Tebble (1966)
Tebble (1966)
Tebble (1966)
Tebble (1966)
Tebble (1966)
Sexton (1914); Naylor (1972)
Ingle (1980)
Allen (1967)
Gibbs (1977)
Gibbs (1977)
Gibbs (1977)
Jasminiera elegans
Although numerically important, this species was again small compared with
the specimens described from elsewhere (Table 4). Possibly, the sampling
procedure again precluded the study of recruitment, since the very small juveniles
would have been lost through the 05 mm sieve. On the basis of growth
interpreted from the size frequency data, a calculation of biomass and production
gives a mean annual biomass of 73 mg m~2, and production of 27 mg m"2 y"1,
with a P/B of 037, which is similar to the low value found in Syllis armillaris.
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Tharyx marioni
In the Venus community (Warwick et al. 1978) a successful recruitment,
averaging 154 m~2 for the year, necessitated the study of this species, though the
older worms averaged only 11 m"2. In this study there was no noticeable rise in
numbers, the average for the year being 15 m"2. The worms were however larger
than those of Carmarthen Bay, a reverse of the findings for other species in this
community. The mean individual weight was 107 mg compared with 025 mg in
Carmarthen Bay. The biomass values for the year averaged 15 mg m"2 which,
assuming the same P/B as in the Venus community, gives a production estimate
of 12 mg m"2 y"1.
Eulalia bilineata
Although this was the only phyllodocid recorded in the January species list,
in subsequent months other members of this family included Mystides limbata,
Phyllodoce laminosa, Eulalia trilineata, Eulalia tripunctata and Eulalia punctifera.
Identification was often confusing; however, E. bilineata proved to be both more
conspicuous and numerous than the others. Even so it was not abundant in the
samples, averaging 13 m~2. From these samples monthly biomass values were
estimated (Appendix 3). A P/B of 04 was used, on the assumption that this
species had the same turnover rate as other small carnivorous polychaetes in the
community, such as Syllis armillaris.
Molluscs
Hiatella arctica
This species was found typically nestling amongst the tubes and fragments of
rock and shell of the Sabellaria reef, probably in much the same way as described
by Forbes & Hanley (1853) amongst the tubes of 'Serpulae' and 'Sertulareae'.
It was the commonest bivalve in the community, averaging 670 m~2 throughout
the year. Individuals were measured along the length of the naked mantle edge,
since much of the thin shell had dissolved with acid treatment and in any case
was frequently distorted. Specimen size ranges from 09 mm to 71 mm, though
the average size described for the species is 16 mm (Forbes & Hanley, 1853) and
large specimens reach 38 mm (Tebble, 1966).
Despite the large numbers of animals measured, cohorts were not distinguish-
able in the monthly samples. By assuming that little growth takes place in the
winter months and combining the data for January, March and November 1976,
and January 1977, some indication of age grouping was apparent. Drawing in
cohorts by eye it would appear that there are eleven year classes present up to
a length of 58 mm.
Samples were taken from March and November and the following length/
weight equation was determined:
log10 wt (mg) = —1-246 + 0-113 +1-630 + 0-218 log10 length (mm) (r = 0907).
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The equation does not show the expected cube relationship between weight
and size; this may in some way reflect the considerable distortion in shape during
growth.
There is no obvious period of recruitment in the population and in fact it was
at first thought that in this, and other species of bivalve in the community, the
3 4 5 6 7
Shell length (mm)
Fig. 3. Sphenia binghami: size frequency histograms, 1971 diaonal hatch, 1970 squares, 1969 triangles,
1968 open circles, 1967 open squares, other shading as Fig. 1.
animals were all juvenile and could not survive in the reef interstices beyond a
certain size. Whilst the latter may still be the case, sections of Hiatella prepared
from the sample taken in May showed that nearly all the large specimens were
sexually mature, with developing ova or sperm. This complements data for a
population from north-east Greenland which were found to spawn through May
to July (Ockelman, 1958). To provide a rough approximation of production the
same P/B as determined for Sphenia binghami (described below) was used.
Sphenia binghami
In this community this bivalve, as with Hiatella arctica, has adopted a nestling
rather than a boring habit, attaching to crevices in the reef by its byssus. The
size frequency data (Fig. 3) are again difficult to interpret, but a clearer indication
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of cohort division is given by combining the winter samples. Some of the
specimens with a complete shell showed external ridges which were assumed to
be annual winter rings. These growth checks were used to determine the
following Ford Walford growth equation:
L(+1(mm) = 1-396±0-272+ 0-802 ±0-072 L,(mm) (r = 0-95).
From this equation it was possible to compare the growth rate estimated from
the combined winter data with the growth curve predicted from the Ford Walford
2 3 4 5 6 7 8 9 10 11 12
Ring number
Fig. 4. Sphenia binghami: growth curve showing size limits of year classes, shading conventions as
Fig. 3-
plot (Fig. 4). To calculate monthly biomass, specimens were retained from
February and March for weighing and a length/weight regression equation
calculated:
log10 wt (mg) = - log10 length (mm) (r = 092).
To determine the growth increment of each age group it was assumed that the
animals grow between April and October. Therefore in May the cohorts should
have shifted by 029 of the total yearly growth increment and for July by 057.
Although histological sections of larger specimens collected in May showed
only one well-developed male plus several males and females in early stages of
gonad development, it was assumed for the purposes of calculating production
that recruitment took place between May and July. Both Sphenia and Hiatella
appear to have a similar life span and recruitment. Similarly, large specimens of
Sphenia from this community were well below the size given in the descriptive
texts for this species (Table 4). The mean annual biomass was 142 mg m~2 whilst
the production was only 63 mg m~2 y"1, giving a P/B of 045.
Modiolus modiolus
The mean density for this species was 245 m~2, with a peak in March of 370 m~2
(Fig. 5). Again, because of their small size this latter peak may be the first
24-2
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occurrence of individuals from the previous year's spawning. Sections of the
larger specimens in May show that, despite their small size, they were sexually
mature, with developing gonads. Size range in the Day grab samples ranged from
075 to 135 mm, whilst in May the dredge contained an unusual number of
conspicuously large specimens which were retained and measured. Even these
animals are small, however, since Modiolus commonly grows to 13 cm and
occasionally to 23 cm (Tebble, 1966), whereas the largest in the dredge measured
123 mm (mean size of sample 6 mm).
4
28
20
12
4 n p n f i , nnnn n n nn n n
1-0 1-5 20 2-5 30 3-5 40 4-5 50 55
Shell length (mm)
Fig. 5. Modiolus modiolus: size frequency histograms.
To obtain monthly biomass values, individuals were weighed from the March
and November samples. Taken over such a small size range the length weight
regression equation is likely to be inaccurate, but is sufficient for these purposes:
log10wt(mg) = - 0 9 8 6 + 0062 + 1-632 + 0-128 log10 length (mm) (r = 0960).
No attempt was made to determine production as the size frequency data were
uninteruptable in terms of cohort growth. An approximate figure is given
assuming the same P/B of 0-5 as in Sphenia binghami.
Parvicardium ovale
This is one of the smaller members of the Cardiacea and is well suited to this
type of habitat (Tebble, 1966). No estimate of growth was possible. The size
frequency data together with the length/weight equation (below) were used to
give monthly biomass values averaging approximately 6 mg m~2 (Appendix 3).
log10 wt (mg) = -2-272+ 0-279 + 3-370
+ 0863 log10 shell length (mm) (r = 090).
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Sipunculans
Golfingia vulgaris
Three species of Golfingia were found in the community, the other two being
G. minuta and G. elongata. Sexually ripe individuals were identified in all three
species despite their diminutive size (Table 4). Without subjecting each specimen
to internal examination, it was impossible to distinguish G. minuta from
G. elongata, therefore only G. vulgaris was singled out for study, and it was in
any case the commonest sipunculid. Because of variations in shape of preserved
specimens, frequency distributions were constructed using wet weight of indi-
viduals, after lightly blotting each specimen. Monthly biomass values
(Appendix 3) were calculated from a dry-weight to wet-weight regression.
Production cannot be determined from these data, nor are P/B values available
for comparable species. However, in view of the low total biomass and small
individual size, the contribution of this species to the total community production
is likely to be small.
Crustaceans
Anihura gracilis
This was the only isopod recorded in the community, occupying the tubes
of Sabellaria on which it may possibly prey (Sexton, 1914). Past research has
suggested that the telson in this isopod family has evolved to mimic the operculum
of a serpulid: that of Anthura gracilis appears to emulate the paleal structure of
Sabellaria spinulosa (Stebbing, 1893; Sexton, 1914). Previously only very
occasional specimens had been recovered from Sabellaria tubes (Sexton, 1914),
but this study revealed many such occurrences. The males are more mobile than
the females, in fact the first male was taken using a night surface trawl (Stebbing,
1893). The ratio of males to females in the samples is not, therefore, surprising.
Again, the maximum size is very small (Table 4): the size-range of the adult group
corresponds to that of the ' O' group in the population of the closely related and
similarly sized isopod Cyathura carinata investigated by E. B. Olufssen in Sweden
(Olufssen, personal communication). In the July sample all the females from the
adult group were found to be brooding juveniles 09 mm long. Because of the
mobility of the males the production and biomass calculations for the mature adult
group are underestimated, probably by approximately one-half. This would
therefore result in a P/B considerably lower than the calculated value of 015.
Dredge samples
As mentioned in the Methods section of this paper, it has been possible to make
some quantitative observations on several of the larger epifaunal species using
suitably calibrated dredge samples. However, no estimate of production has been
possible for these species.
Chlamys varia
Although only very small specimens were found in the Day grab samples, larger
individuals were found in the dredge material. By combining both sets of data
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estimates of population density and biomass were made (Appendix 3), using the
following length/weight regression equation:
log10 wt (mg) = —1-752 + 0-459 + 3060 ±0604 log10 length (mm) (r = 0-89).
In contrast to previous studies on this species (Shafee, 1980) no clear annual
rings could be seen on the valves of these shells, possibly due to the considerable
distortion that they often undergo as they grow surrounded by reef material.
Further, investigation of growth from the length frequency distributions is
complicated by the possibility of biannual recruitment (Conan & Shafee, 1978).
Considering the size range in this study, when compared with previous investi-
gations (Shafee, 1980), one might further have expected that the majority of the
population would be male. However, gonad squashes of specimens from the
present study, taken in July, indicated that there were females present below
20 mm in length and that this was another example of an animal in this
community reaching sexual maturity at an unusually small size.
Ophiocomina nigra
This brittlestar, which has been found coexisting with Ophiothrix fragilis at
approximately 1-9% of the total ophiuroid population (Vevers, 1952; Brun,
1969), was not recorded by Warwick & Davies (1977) in their general survey of
the Bristol Channel, and was found for the first time in this series of samples.
It averaged 095 % of the total population, although 94 % of these were taken in
July, when it comprised 3-3 %.
Psammechinus miliaris
The occurrence of this echinoid was as erratic as that of Ophiocomina. In
September 27 specimens were collected, representing 5 m~2, whereas in the
remaining dredge samples the average was only 3-2 m~2 per month. The
September specimens give the best indication of age structure in the size
frequency data. Though no cohort division was made, monthly estimates of
density and biomass are recorded in Appendix 3.
Pagurus bernhardi and P. pubescens
Though not recorded in the January species list, two specimens of P. bernhardi
were recovered, each occupying a shell of Buccinum undatum, one in the July
dredge and one from a November Day grab. More common were specimens of
the hermit crab Pagurus pubescens. Small specimens used shells of Nassarius spp.
whilst larger animals used shells oiNucella lapillus. 'Berried' females were found
in the January and March samples. An estimate of biomass as calculated using
the following size weight regression equation:
log10 ash-free dry wt (mg) = —1-237 + 0-238 + 3-051
+ 0309 log10 carapace length (mm) (r = 098).
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Ebalia tuberosa
This species is described as commonly inhabiting muddy gravel (Allen, 1967).
A recent study of a population of E. tuberosa in the Clyde provides the only other
seasonal study of this species (Schembri, 1982). As in that study, no change in
cohort position was observed from the size-frequency distributions, though it is
known that adult animals moult in August. The sex ratio was 118 females to 1
male, which is similar to the Clyde population. A 6 mm group first observed in
March was possibly one year old, as the first-stage crabs have a carapace length
of 16 mm (Lebour, 1928). In agreement with the conclusions of Schembri, the
data can only be interpreted as a combination of longevity and low recruitment.
Table 5. Annual production (P) and mean annual biomass (B) of Bristol Channel
benthic communities
Community P (g dry wt rrr2 y~>) B (g dry wt m~2) PfB
Venus 258 45'8 056
Abra 142 i l l 13
Modiolus 341 244 14
DISCUSSION
Total community production, and the production/biomass ratio, are compared
with figures for a Venus community (Warwick et al. 1978) and Abra community
(Warwick & George, 1980) in the Bristol Channel in Table 5. The relatively high
production, and the overall P/B of 1 4, result from the dominance of Ophiothrix
fragilis in the community: the remaining species, excluding Ophiothrix, have a P/B
of only 037. Of the total production, 96% is attributable to suspension feeders,
as opposed to 72 % and 79 % in the Venus and Abra communities respectively.
The bottom fauna of rock-floors in areas of strong tidal currents is generally
low in numbers of species. However, the presence of the Sabellaria reef adds
structural complexity to the habitat, and a large number of small species is found
within the reef interstices. Adjacent areas of well-rounded gravel and pebbles have
a much more impoverished fauna, although Ebalia tuberosa occurs there in greater
numbers than on the reef.
The overwhelming contribution by Ophiothrix fragilis to the overall production
of the community results in a much more strongly concave species production-rank
curve than found for the Venus and Abra communities in the Bristol Channel or
an Amphiura community off the coast of Northumberland, for which comparable
data are available (Fig. 6). Sabellaria itself has a relatively low rate of production,
and many of the smaller species within the reef matrix have very low turnover
rates. Most of these species are slow growing, long lived and reach sexual maturity
at a small size. In many cases our interpretation of the size frequency histograms
728 C. L. GEORGE AND R. M. WARWICK
for these species has been equivocal, the data not being of sufficient quality to
provide definitive production estimates (Appendix 3). The size range of these
species is compared with literature values in Table 4. However, these data, in
combination with an assessment of the reproductive condition, are sufficient to
confirm the relatively low rates compared with more' normal' populations of these
species from elsewhere (Table 4). Small body size could be explained in terms
of the physical restriction imposed by the small spaces between and within the
100 ,-
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Fig. 6. Species production rank curves comparing macrofauna communities.
Sabellaria tubes, but this in itself would not account for the slow growth rates.
It may be significant that the epifauna attain a 'normal' body size and that,
regardless of feeding habit, they were major producers in the community.
Possibly their relatively massive body size and mode of attachment prevents their
subjection to the same biological and physical problems that the infauna
encounters.
An alternative explanation lies in the observation made by Warwick (1982) that
one or a very few species are found to dominate the production in predominantly
suspension-feeding communities such as this. One species may completely
exclude others by competition for feeding space. In the present case, the dense
population of Ophiothrix fragilis may monopolize the suspended food resource
with an umbrella of feeding arms, very few particles escaping through the net
and becoming available to other species below. These species are thus resource-
limited, and this is expressed in the features of their biology discussed above. The
density of Sabellaria spinulosa could not be maintained by the numbers of
juveniles observed to recruit during the year studied. However, it is known that
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the related species Sabellaria alveolata lives for nine years (Wilson, 1971),
therefore successful yearly recruitment is not a necessity. During the year, adult
Sabellaria spinulosa not only showed no sign of being gravid but also grew very
little. It is possible that only in years when Ophiothrix fragilis is absent from the
reef is sufficient food available to accommodate the energy both for growth and
reproduction. The few individuals that did settle in this study very probably came
from neighbouring Sabellaria populations not covered by Ophiothrix. Ophiothrix,
by contrast, were invariably ripe in the early summer samples and enjoyed a strong
juvenile recruitment.
We are grateful to Dr K. R. Clarke for helping us with the statistical treatment of these data.
This work forms part of the estuarine and nearshore programme of the Institute for Marine
Environmental Research, a component of the Natural Environment Research Council.
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Appendix 1. Biomass and population density of all species in January 1976
(D = those species sampled using a Naturalist's dredge)
Species
Ophiothrix fragilis (Abildgaard)
Sabellaria spinulosa Leuckart
Henricia sanguinolenta (O. F. Miiller)
Echinus esculentus L.
Chlamys varia (L.)
Ophiocomina nigra (Abildgaard)
Ebalia taberosa (Pennant)
Psammechinus miliaris (Gmelin)
Atelecyclus rotundatus (Olivi)
Pilimnus hirtellus (Linnaeus)
Pagurus pubescens (Kreyer)
Pandalus montagui Leach
Golfingia elongata (Keferstein)]
Golfingia minuta (Keferstein) J
Hyas coarctatus Leach
Chiton spp.
Phyllodocidae spp.
Hiatella arctica (L.)
Amphilochus manudens Bate
Sphenia binghami Turton
Harmothoe lunulata (Delle Chiaje)
Modiolus modiolus (L.)
Ampelisca diadema (A. Costa)
Syllis armillaris (Miiller)
Amphipoda spp.
Lepidonotus squamatus (L.)
Gastropoda spp.
Melita obtusata (Montagu)
Lumbrineris latreilli
(Audouin & Milne-Edwards)
Golfingia vulgaris (de Blainville)
Pycnogonum Httorale (Strom)
Jasminiera elegans St Joseph
Capitellidae spp.
Sabellidae spp.
Cirriformia spp.
Anthura gracilis (Montagu)
Corophidae spp.
Amphipholis squamata (Delle Chiaje)
Chlamys distorta (da Costa)
Inachus phalangium (Fabricius)
Pandalina brevirostris (Rathke, 1843)
Pholoe minuta (Fabricius)
Pisidia longicornis (Linne)
Tharyx marioni (St Joseph)
Planaria spp.
Lysidice natalensis Kinberg, 1865
Marphysa depressa (Schmarda, 1861)
Chlamys tigerina (Muller)
Eulalia punctifera (Grube)
Pomatoceros triqueter (L.)
Inachus dorsettensis (Pennant)
Spionidae spp.
Ophiura albida Forbes
Bivalvia spp.
Maldinidae sp.
D
D
D / G
D
D
D
D
D
D
D
D
D
D
D
D
D
D
Biomass
(mg m~2)
31981
3857
(353°)
(1332)
1217
1146
1070
807
560
451
430
399
389
303
300
231
194
180
172
164
127
1 2 0
119
1 1 0
98
90
84
82
77
74
68
65
62
60
51
45
40
40
39
39
34
27
27
23
2 0
2 0
18
18
18
17
17
13
11
11
% of total
biomass
699
8-4
—
—
2'7
2 5
2 3
i-8
1-2
1 0
0 9
0 9
0 9
o-8
0-7
0 5
0-4
0 4
0 4
0-4
0 3
0 3
0 3
0 2
0-2
0 2
0 2
0 2
0-2
0 -2
0 2
0 1
0 1
0 1
O l
0 1
0 1
0 1
0 1
0 1
0 1
0 1
O l
0 1
< 01
< 01
< 01
< O 1
< 01
< 01
< 01
< 01
< 01
< 01
Cumulative
%
699
78-3
—
—
8 1 0
835
858
876
888
8 9 8
9 0 7
9 1 6
9 2 5
9 3 3
9 4 0
945
949
953
957
96-1
964
967
9 7 0
9 7 2
974
976
97-8
9 8 0
9 8 2
9 8 4
986
987
98-7
9 8 8
989
9 9 0
99 1
9 9 2
993
994
995
99 6
997
998
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
Number m~2
838
338o
(37) P
(1-2) P
496
1-2
36
6
1-2
1-2
4 6 8
1-2
132
6 1
46
1 0 0
48O
540
303
5O
255
39
312
114
50
63
31
7 i
45
5 4
339
23
31
1 0 0
406
39
113
3'7
1-2
2 4
93
1 3 4
29
4
2
1
1-2
3
46
1 2
32
1
132
8
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Appendix l. (Cont.)
Species
Scalibregma inflation Rathke
Nucula turgida Leckenby & Marshall
Amphitrite cirrata (Grube)
Glycera spp.
Harmothoe impar (Johnston)
Laonice cirrata (Sars)
Lumbrineris paradoxa (St Joseph)
Nephtyidae spp.
Oligochaeta spp.
Protula tubularia (Montagu)
Stenelais boa (Johnston)
Eulalus pusiolus (Kreyer, 1844)
Ephesia gracilis Rathke
Glycera lapidum Quatrefages
Melinna cristata (Sars)
Parvicardium ovale (Sowerby)
Polydora caeca (Oersted)
Polydora ciliata (Johnston)
Eulalia bilineata (Johnston)
Syllidae spp.
Petaloproctus terricola Quatrefages
Unciola crematipalma (Bate)
Autolytus brachycephalus (Marenzeller)
Autolytus spp.
Lysidice ninetta Audouin & M. Edwards
Ampharetidae sp.
Glycera capitata Oersted
Heterocirrus alatas (Southern)
Lanice conchilega (Pallas)
Lumbrinerdae spp.
Mystides limbata St Joseph
Notomastus latericeus M. Sars
Nymphon rubrum
Total biomass
D
Biomass(mg m~2)
11
1 0
8
7
6
6
6
6
6
6
6
5
5
5
5
5
5
5
4
4
3
3
2
2
2
1
1
1
1
1
1
1
1
% of total
biomass
< 01
< 01
< 01
< o-i
< 01
< 01
< 01
< 01
< 01
< 01
< 01
< 01
< 01
< 01
< O i
< 01
< 01
< 01
< 01
< 0-1
< 01
< 01
< 01
< Oi
< 01
< Oi
< 01
< 01
< 01
< o-i
< o-i
< 01
< 01
Cumulative
0/
0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
Number m
14
3
3
17
1
4
3
10
35
3
2
1-2
10
11
8
40
6
6
12
7
3
1
2
2
3
1
1
1
2
2
2
6
7
45756
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Appendix 2. Population estimates of the larger species recovered from the
Naturalist's dredge samples
Numbers m~2
Species
Asterias rubens
Atelecyclus rotundatus
Chlamys distorta
Chlamys tigerina
Chlamys varia
Cucumaria frondosa
Ebalia luberosa
Echinus esculentus
Eulalus pusiolus
Galathea nexa
Henricia sanguinolenta
Hyas coarctatus
Inachus dorsettensis
Inachus phalangium
Ophiocomina nigra
Ophiothrix fragilis
Ophiura albida
Pagurus pubescens
Pandalina brevirostris
Pandalus montagui
Pilumnus hirtellus
Pisidia longicornis
Psammechinus miliaris
Pycnogonum littorale
Solaster papposus
January
0
i
4
l
18
0
34
l
l
0
4
6
1
1
1
652
0
48
2
1
1
13
6
2
0
March
0
0
0
0
4
0
19
0
1
0
1
1
0
3
0
388
0
19
0
0
1
16
0
0
0
May
0
0
0
0
2
0
5
1
0
0
1
0
1
0
0
316
0
6
0
0
0
1
1
0
1
July
1
0
1
0
2
1
2
0
0
1
1
1
1
1
8
244
0
4
0
0
1
1
1
1
0
September
0
1
0
0
3
0
6
0
1
0
1
i
1
1
1
1 8 1
1
5
0
0
0
1
5
0
1
January
0
0
0
0
0
0
4
0
0
0
0
0
0
0
0
1 4 0
0
8
0
0
0
8
23
0
0
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Appendix 3. Numbers m 2 (N), biomass mg m 2 (B), and production estimates
mg m~2, for major species in the Modiolus community
Bracketed production values assume the average P/B for all species except Ophiothrixfragilis, i.e. 037.
January March May July
1
2
3
4
5
6
7
g
9
1 0
n
12
13
14
15
16
17
18
19
2 0
2 1
Biomass species
rank
Ophiothrix fragilis
Sabellaria spinulosa
Ebalia tuberosa
Harmothoe lunulata
Chlamys varia
Psammechinus miliaris
Hiatella arctica
Lepidonotus squamalus
Sphenia binghami
Modiolus modiolus
Pagurus pubescens
Syllis armillaris
Jasminiera elegans
Golfingia vulgaris
Anthura gracilis
Amphipholis squamala
Lumbrineris latreilli
Pholoe minuta
Tharyx minuta
Eulalia bilineata
Paroicardium ovale
N
838
3380
36
50
5°
5
480
5°
303
255
47
312
339
45
406
113
71
93
29
12
40
B
31981
3857
1069
164
1217
799
194
98
172
127
430
119
68
77
51
40
82
34
27
4
5
s,
N
458
6323
27
57
1 0
0
716
83
336
370
2 1
640
253
73
344
1 0 1
46
138
5
1 0
143
B
20511
6363
657
227
1 0 2
0
224
115
158
161
214
172
58
53
75
25
25
44
7
6
11
September.
N
—
4676
5
—
1
1
251
—
333
152
6
—
—
g
150
—
—
—
—
—
—
B
—
5150
12g
—
53
1 0 6
log
—
91
104
85
—
—
ig
39
—
—
—
—
—
—
N
2 6 2
3028
3
117
2
2
1020
45
392
267
4
278
89
51
86
97
63
21
6
6
15
B
i550g
3917
67
719
1 1 2
693
2 0 1
2 2 1
73
2 0 2
2 2
90
44
75
2 2
50
38
7
7
3
1
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1
2
3
4
5
6
7
8
9
10
n
12
13
14
15
16
17
18
19
20
21
November
N
256
2720
6
47
3
6
409
36
364
137
5
359
339
72
154
104
20
52
17
8
76
B
8938
2987
180
166
339
220(S)
194
139
173
91
78
104
88
156
40
65
13
19
11
5
6
Appendix 3. (Cont
January
N
204
4108
4
201
2
27
1144
105
500
303
8
686
428
50
184
118
10
106
19
29
69
B
9577
5061
143
276
1
567
443
284
190
164
5
185
106
33
71
43
11
47
23
13
6
Mean
number m~2
404
4039
14
94
11
7
670
64
371
247
15
455
290
58
221
107
42
82
15
13
69
•)
Mean
biomass
mg m~2 dry wt
17303
4556
376
311
304
294
227
171
142
141
139
134
73
69
50
45
34
31
15
6
6
Total
production
mg m~2 dry wt
31431
762
(141)
607
(114)
(no)
114
326
63
70
(52)
62
27
(26)
7
81
44
58
12
3
(2)
P/E
1-8
0-2
—
20
—
—
05
19
o-s
05
—
0-5
0 4
—
0-2
1-8
1-3
19
08
04
—
24427 34112
